RRORS enter into the calculation of the recombination percentage in genetic linkage experiments through the effects of differential viability. Let R and r be alleles at one locus, and let S and s be alleles at another locus, where r and s are recessive alleles. Let p be the recombination fraction between these two loci, 0 < p < Vi. Our goal is to estimate p from breeding experiments where the segregations at the R and S loci are disturbed by differential viability. The product method gives a satisfactory estimate only if the relative viability of the double homozygote r/r s/s is equal to the product of the relative viabilities of the r/r and s/s genotypes 1 .
RRORS enter into the calculation of the recombination percentage in genetic linkage experiments through the effects of differential viability. Let R and r be alleles at one locus, and let S and s be alleles at another locus, where r and s are recessive alleles. Let p be the recombination fraction between these two loci, 0 < p < Vi. Our goal is to estimate p from breeding experiments where the segregations at the R and S loci are disturbed by differential viability. The product method gives a satisfactory estimate only if the relative viability of the double homozygote r/r s/s is equal to the product of the relative viabilities of the r/r and s/s genotypes 1 .
Here we deal with the case in which the relative viability of the r/r s/s class cannot be expressed as this simple product. By using data from two different types of crosses, one can eliminate the viability parameters from the estimation formula by taking the ratio of the products.
Let the observed numbers in the phenotypic classes, R/-S/-, r/r S/-, R/-s/s, r/r s/s, be represented by a { , i = 1 to 4. Let n be the total number
The author was a precollege student at The Jackson Laboratory in the summer of 1969. This research was supported in part by grant GW-3957 of the National Science Foundation. The author is grateful to Dr. E. L. Green for advice and encouragement, and to a referee for very helpful comments. Reprint requests should be addressed to the author at The Jackson Laboratory, Bar Harbor, Maine 04609. in all four classes. Let u be the relative viability of r/r S/-compared to R/-S/-, v be the relative viability of R/-s/s compared to R/~ S/-, and w be the relative viability of r/r s/s compared to R/-S/-. Then the expected frequencies for each of the four phenotypic classes can be written in terms of p, u, v, and iv for each of four crosses: intercrosses and backcrosses in both coupling and repulsion ( Table  I ). The product formula can now be set up in the standard form for each of the four crosses. Symbols without primes denote the progeny of one cross; symbols with primes denote the progeny of another cross. The observed frequencies for the four phenotypic classes in the product form, P = (a x a4)/(a 2 a^), are set equal to the expected frequencies in the analogous form, thus obtaining four products wherein the expected value of P is a function of p, u, v, and w (Table I) . Now, if we form ratios such as P/P' = (a 1 a 4 a r 2 a'3)/(a 2 a 3 a' 1 a' 4 ) for any two of these four products, the expected value of P/P' reduces to a function of p alone (Table  II) . From any of these six ratios, all of which are monotonic increasing over the range 0 < p < 0.5, each employing data from two crosses, the value of p can be calculated. However, there are only three independent ratios, with the other three ratios obtainable by multiplication or division of the three independent ones. Any set of three ratios containing for / = 1 to we find that zero, so: 4, respectively. Thus, setting m t n = a h the last term in each square bracket is Then V(p) = V(F) I (dF/dp) 2 Table II shows dF/dp for each of the six ratios P/P'. The values for dF'/dp are related additively in the same manner that the corresponding ratios P/P' are related multiplicatively.
From an examination of the values of dF/dp for values of p = Vk, two of the expected values of the ratios P/P' are shown to be relatively inefficient estimators, while the other four ratios are relatively efficient (Table II) . Thus, the ratio involving backcrosses and intercrosses in repulsion and the ratio with backcrosses and intercrosses in coupling should not be used to estimate p. The other four ratios can be used to give good estimates of the recombination percentage. However, even with four crosses available, only three of the ratios are independent.
The successful use of this ratio-of-products method depends upon the statistical equality of the three relative viabilities: u = if, v = v', and w -w'. If, for any reason, the two sets of data are different with respect to the relative viabilities, the estimate of the recombination percentage will be biased. Possibly the most obvious source of bias lies in maternal effects. Progeny of r/r s/s mothers are likely to have Table II . The ratio of products and derivatives for six combinations of segregating generations Combination = cross I cross II P/P-* dF/dp* dF/dp when p = 'A different u, v, and w ratios from progeny of R-S/-mothers.
As an example, the ratio-of-products method was used to calculate p for estimating the linkage between the loci of furless (fs) and beige (bg) in the mouse. Data for an intercross in repulsion, a backcross in coupling, and an intercross in coupling were available (Table III) . Only two independent ratios are possible. The ratios, P/P', for the intercross in repulsion with the backcross in coupling and for the intercross in repulsion with the intercross in coupling were computed. The computational steps for the first of these ratios will serve to illustrate the procedure.
P/P' = (a 1 a 4 a' 2 a' 3 )/a 2 a 3 a' 1 a' 4 ) = 0.04517. .
Employing an approximation method, because P/P' is monotonic for 0 < p < 0.5, we obtain p = 0.304, dF/dp = 17.66, 
Summary
A new method is presented for estimating the recombination percentage, p, that makes use of ratios-ofproducts formulas, employing data from two crosses and thus eliminating the viability parameters from the estimation formula. This new method avoids the assumption that the relative viability of the double homozygote class rlr sis is simply the product of the relative viabilities of the classes r/r S/-and R/-s/s. Formulas for the variance of p are included.
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